Endocannabinoids are lipid mediators that are thought to modulate central and peripheral neural functions.
N-Arachidonylethanolamine
(anandamide) (1) and N-arachidonylglycerol act as endogenous ligands for cannabinoid receptors in the mammalian brain. 1 The human brain also contains endocannabinoid-like compounds, like N-oleoylethanolamine (2) , N-palmitoylethanolamine (3) , and N-stearoylethanolamine (4). 2 To establish the structural requirements for cannabinoid receptor binding in the brain and to investigate relevant structure-activity relationships, researchers have examined related compounds including fatty acid amines, propanolamines (ex. N-oleoylpropanolamine [5] and N-palmitoylpropanolamine [6] ), ethanolamines (ex. N-linoleoylethanolamine [7] ), and other derivatives. 3, 4 The structures of these compounds are presented in Fig. 1 .
Mass spectrometry has proven to be an important technique for analyzing anandamide and endocannabinoid-like compounds. These compounds have been identified and quantified using high-performance liquid chromatography/mass spectrometry (LC/MS) [5] [6] [7] and gas chromatography/mass spectrometry (GC/MS). 2, [8] [9] [10] Kempe et al. 8 performed gas chromatography/negative ion chemical ionization mass spectrometry (GC/NI-CI-MS) analyses on bispentafluoropropionyl or bis-pentafluorobenzoyl derivatives of the above compound (1). Giuffrida et al. 10 performed gas chromatography/electron ionization mass spectrometry (GC/EI-MS) analyses of trimethylsilyl ether derivatives of compounds (1), (2) , and (3).
CSR fragmentations have been implicated in the production of structurally informative CID spectra for a large variety of biological and other molecules. 11, 12 Satake et al. 13 reported the application of this fragmentation mode to a polyhydroxypolyene compound obtained from a marine source to elucidate its structure. Griffiths et al. 14 reported on the usefulness of this method for the structural identification of a series of sulfated and glucuronidated bile acids. Suzuki et al. 15 used CID spectra to determine the locations of the double bonds in alkenyl-and alkadienylresorcinols from natural plants.
The majority of the analytical or structural applications of CSR fragmentations have involved the study of closed-shell ions derived from molecules that contain long hydrocarbon chains.
11 The CSR reaction of ions that contain a stable charge site make these fragmentations structurally informative. The utility of the collision-induced dissociation (CID) of two different forms of precursor cations generated by the fast atom bombardment (FAB) ionization of N-arachidonylethanolamine (anandamide) and a series of endocannabinoid-like compounds, such as N-oleoylethanolamine, N-palmitoylethanolamine, N-stearoylethanolamine, N-linoleoylethanolamine, N-oleoylpropanolamine, and N-palmitoylpropanolamine, as a method of providing general information on their characterizations was examined. The CID spectra of lithium-adduct [M+Li] + ions of the amines with unsaturated hydrocarbon chains were rich in structurally informative charge-site-remote (CSR) fragmentation patterns that provide information on the locations of double bonds in hydrocarbon chains. On the other hand, the CID reactions of [M+H] + ions produced acylium ions that are derived from the cleavage of amide bonds, thus providing information on the size of the hydrocarbon chains, although CSR fragmentations were not observed. These compounds without derivatization were analyzed using gas chromatography/chemical ionization-mass spectrometry (GC/CI-MS) with a polyethylene glycol phased column with fused silica capillary pre-tubing. Identifiable molecular-related [M+H] + ions were observed. amines, sulfonium, and phosphonium cations as well as in molecules that have been cationized with alkali or alkaline earth metal ions. The characteristic CSR fragmentations of ions having a saturated hydrocarbon chain involve the loss of the elements of CnH2n+2 from the alkyl chain that is distal to the charge site. Other types of CSR fragmentations occur in ions with unsaturated hydrocarbon chains; these fragmentations are useful for identifying the locations of double bonds.
CSR fragmentations during FAB ionization in fatty acids and fatty alcohols have been previously studied. For unsaturated fatty acids, the carboxylate [M-H] -anion, the dilithiated [M-H+2Li] + cation, or the bariated [M-H+Ba] + cation, provided CSR ions that were useful for determining the locations of the double bonds. 16 The CID spectra of the lithiated [M+Li] + cations of fatty alcohols decomposed to provide structurally informative CSR fragmentation patterns. 17 Anandamide and endocannabinoid-like compounds with long hydrocarbon chains contain an amide functional group and a hydroxyl group, respectively. An investigation of the CSR fragmentation patterns in the CID spectra of these compounds was expected to provide fundamental knowledge and useful information for the identifying of these compounds.
In this paper, we report and discuss the positive FAB CID spectra of compounds (1 -7). The spectra were obtained using a double-focusing sector (BE geometry) mass spectrometer. Furthermore, we performed gas chromatography/positive ion chemical ionization mass spectrometry (GC/PI-CI-MS) analyses of compounds (1 -7) without derivatization.
Experimental

Chemicals and reagents
Anandamide (N-arachidonylethanolamine) (1) was purchased from Sigma Chemical Co. (St. Louis, MO, USA). Palmitoyl, stearoyl, oleoyl, and linoleoyl chlorides, as well as ethanol-and propanol-amines, were obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan). The N-acylalkanolamines (2 -7) of the palmitic, stearic, oleic, and linoleic acids were prepared by reacting the corresponding fatty acid chlorides with ethanoland propanol-amines in our laboratory. The matrices for FAB-MS, magic bullet [dithiothreitol:dithioerythritol (3:1)], glycerol, m-nitrobenzyl alcohol (NBA), and triethanolamine were obtained from Tokyo Kasei (Tokyo, Japan). LiCl and NaCl were obtained from Wako Pure Chemical Industries, Ltd. Isobutane, helium, xenon, and all other reagents and solvents were of analytical grade.
General procedure for the synthesis of N-acylalkanolamine
To a stirred solution of ethanol(propanol)amine (16.5 mmol) and triethylamine (1.68 g, 16.5 mmol) in dichloromethane (30 mL) was added a solution of fatty acid chloride (3 mmol) in dichloromethane (10 mL) at 0˚C. The reaction mixture was stirred for 1 h at 0˚C and for 0.5 h at room temperature. After dilution with chloroform, the organic layer was washed successively with brine, 2 M HCl, brine, 2 M NaOH, and brine. The organic phase was dried over sodium sulfate and was evaporated to give the residue. The crude product was purified by column chromatography on silica gel (50 g) using chloroform and methanol (v/v = 97:3) as an eluent to afford N-acylalkanolamine.
CID in FAB-MS
The CID spectra were obtained using a JEOL JMS-SX102 double-focusing (BE geometry) mass spectrometer (JEOL Ltd., Tokyo, Japan) equipped with a JEOL accessory data system and a Xenon FAB gun (3 kV), which was operated with an accelerating voltage of 10 kV and a resolution (10% valley) of 1000. With FAB ionization, a linked scan at a constant B/E was used to generate the MS/MS spectra, using sufficient helium as a collision gas to reduce the intensity of the precursor ion beam to between 30 and 50%. A methanol solution of each sample was mixed with the matrix, and a small amount of aqueous LiCl solution was added; the samples were then introduced into the ion source using direct insertion technique.
GC/MS analysis
GC/MS analysis was performed using an Agilent HP-6890 gas chromatograph (Agilent Technologies, Palo Alto, CA, USA) connected directly to a JEOL JMS-BU20 mass spectrometer. TC-WAX capillary column (30 m × 0.32 mm i. The GC conditions were as follows: temperature of inlet, oven, and interface, 250˚C; carrier gas, helium; rate of constant flow, 1.2 ml/min. The CI-MS conditions were as follows: reagent gas, isobutane; filament current, 300 µA; accelerating voltage, 2.5 kV; electron energy, 200 V; ion chamber temperature, 250˚C; resolution, 500.
Results and Discussion
The CID spectra of the closed-shell ions were obtained for each of two different precursor forms: the [M+Li] + and [M+H] + cations. To investigate the effect of alkali-metal ion, we also examined the [M+Na] + cation. The spectra showed only those ions produced by water loss, so sufficient information about the structures could not be obtained. On the other hand, the [M+Li] + cations underwent extensive CSR reactions, enabling the structure of each hydrocarbon chain to be determined. The Lewis acidity of a lithium ion is stronger than that of a sodium ion. Thus, the lithium ions are expected to interact more strongly with a terminal hydroxyl group rather than the amide because of their Lewis basicities.
Although other matrices (NBA, triethanolamine, and glycerol)
were tried, a magic bullet as the FAB matrix produced the best response.
CID of amines with unsaturated hydrocarbon chains N-Oleoylethanolamine (2) and N-oleoylpropanolamine (5).
The CID spectra and mass spectra of compound (2) are shown in Fig. 2 , while those for compound (5) are shown in Fig. 3 . The patterns of peaks resulting from the CSR reactions of the [M+Li] + cations are clearly visible (Fig. 2 D and Fig. 3 D) . A series of ions, produced by the cleavage of successive carbon-carbon bonds and separated by an interval of 14 u, can be seen extending from the terminal methyl to the `V10 ion. A previous report describing an interval of 12 u, instead of the usual 14 u, between the intense peaks of the fragment clusters indicates the presence of a double bond between the carbon atoms. 16, 17 In compounds (2) and (5) product ion at m/z 265, assumed to be derived from the cleavage of an amide bond, was observed in addition to the ion caused by the loss of water, although CSR reactions were not observed ( Fig. 2 B and Fig. 3 B) . N-Linoleoylethanolamine (7) . Figure 4 shows the CID spectra and mass spectra of compound (7) . CSR fragment ions of the [M+Li] + cation with an interval of 12 u (`AV13 at m/z 258 and D12 at m/z 246, `AV10 at m/z 218 and D9 at m/z 206) containing carbon 13 and 12, and carbon 10 and 9 moieties, indicate the presence of double bonds between C13-C12 and C10-C9, respectively. A gap of 26 u followed by one of 14 u and then another of 26 u indicates the locations of the terminal and proximal double bonds 16 (Fig. 4 D) . The CID reaction of the [M+H] + cation produced a product ion at m/z 263 that was assumed to be derived from the cleavage of the amide bond (Fig. 4 B) . Anandamide (1) . The CID spectra and mass spectra of compound (1) It is worth noting that fragmentation through the C9-C10 bond, located between two double bonds (allylic to one double bond and vinylic to the other) produced a pair of peaks `AV9 at m/z 202 and a much more abundant AV9 at m/z 203; the peak at m/z 203 corresponds to a radical cation fragment that probably arises due to simple bond cleavage, in contrast to the evenelectron CSR ion at m/z 202.
Once again, CID of the [M+H] + cation produced a product ion at m/z 287 that was assumed to be derived from the cleavage of an amide bond (Fig. 5 B) . (4) . The CID spectrum of the [M+Li] + cation, shown in Fig. 6 D, exhibits a peak pattern with a series of intense ions spaced 14 u apart, as reported previously. [18] [19] [20] [21] CID of the [M+H] + cation resulted in a product ion at m/z 267 that was assumed to be derived from the cleavage of an amide bond (Fig. 6 B) . (3) and N-palmitoylpropanolamine (6) . The CID spectra and mass spectra of compound (3) are shown in Fig. 7 , while those of compound (6) are shown in Fig.  8 . The pattern of peaks for these two compounds is similar to those described above.
CID of amines with saturated hydrocarbon chains N-Stearoylethanolamine
N-Palmitoylethanolamine
The CID reactions of both [M+H] + cations resulted in a product ion at m/z 239 that was assumed to be derived from the cleavage of an amide bond.
Identification by GC/CI-MS
Analyses utilizing TC-WAX and CP-WAX capillary columns (polyethylene glycol, 0.25 µm; GL Science Inc., Tokyo, Japan) were performed. Adequate separation was not achieved when using the CP-WAX column, so subsequent experiments were performed using the TC-WAX column equipped with fused silica capillary pre-tubing.
The total ion chromatogram and the CI mass spectra of compounds (1 -7) are shown in Fig. 9 . Each compound was identified via its [M+H] + ion. Under the present experimental conditions, their order of elution was as follows:
N-palmitoylethanolamine (3) , N-palmitoylpropanolamine (6) , N-stearoylethanolamine (4) , N-oleoylethanolamine (2), N-linoleoylethanolamine (7) , N-oleoylpropanolamine (5), and anandamide (1).
Conclusion
For anandamide and a series of endocannabinoid-like compounds, the CID decompositions of closed-shell ions produced by FAB ionization are an effective source of structural information. The CID spectra of lithium-adduct [M+Li] + ions were rich in structurally informative fragment patterns that enabled the locations of double bonds to be identified in unsaturated hydrocarbon chains. On the other hand, the CID reactions of the [M+H] + ions produced ions that were derived from the cleavage of amide bonds, providing information on the size of the hydrocarbon chains.
The compounds without derivatization were identified using GC/CI-MS equipped with a polyethylene glycol phased column and fused silica capillary pre-tubing; the [M+H] + ions were 1597 ANALYTICAL SCIENCES DECEMBER 2003, VOL. 19 
